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The treatment of Hodgkin’s disease is one of the triumphs
of modern cancer therapy. Forty years ago, the average
patient had a life expectancy of less than 3 years. Today,
approximately three out of every four patients are curable
(1). This dramatic change in survival was made possible by
the development of supervoltage x-ray therapy machines in
the 1950s and 1960s and the subsequent introduction of
combination chemotherapy. As a result of this phenomenal
success, the long-term complications of treatment have
assumed clinical importance. They include cardiopulmonary
disease, sterility, thyroid dysfunction, altered immunity, and
second cancer (2).

By far the most serious consequence of curative therapies
for Hodgkin’s lymphoma is the heightened risk of develop-
ing a new cancer. Twenty years ago, secondary cancer was
first recognized as a life-threatening effect of treatment (3).
Excess acute leukemia was observed early and was generally
ascribed to chemotherapy. Non-Hodgkin's lymphoma was
then reported to occur with increased frequency, probably as
a result of disease-related or treatment-induced immunosup-
pression (4). As patients survived for longer periods, solid
tumors, thought to be radiation related, surpassed the
hematologic malignancies in absolute terms as the major
hazard of successful treatment. About one of every six
patients with Hodgkin’s disease is likely to develop a second
cancer within 15 years of treatment (5,6).

In this issue of the Journal, Hancock and colleagues (7)
present convincing evidence that breast cancer is a serious
complication of aggressive therapy for Hodgkin’s disease.
Among 885 women treated between 1961 and 1990 at
Stanford University Medical Center, 25 patients developed
breast cancer, whereas only about six cancers would have
been expected on the basis of general population rates. All

25 patients had received radiotherapy that resulted in
substantial exposure of breast tissue to radiation.

Overall, a threefold risk of breast cancer was apparent 5-9
years after treatment, increasing to more than 10-fold among
20-year survivors. There was a striking change in risk
according to age at treatment, with no excess risk observed
among the 300 women who were older than 30 years when
they received irradiation. Otherwise, absolute risks were
similar by age at exposure—three to four extra breast
cancers per 1000 women per year.

Women treated under age 20, whose follow-up periods
included ages with normally low breast cancer risk, were at
much higher relative risk (RR) than women who were
treated in their twenties. Radiation risk coefficients were
calculated on the basis of the mantle dose, 40-47 Gy, which
probably overestimates the actual dose to breast tissue.
Nonetheless, the computed RR at 1 Gy (1.2-1.9) is similar to
that observed in other studies of women exposed to ionizing
radiation (8). In the study by Hancock et al. (7), there was a
suggestion that chemotherapy with alkylating agents may
have enhanced the breast cancer risk due to radiotherapy
during the first 15 years after treatment. Death attributable to
breast cancer was also significantly increased.

Radiotherapy was first used to treat Hodgkin’s disease in
1902 (9), but it was the pioneering studies at Stanford
University Medical Center that formed the basis for
prevailing views about the curability of this disease (10).
The present study from Stanford (7) carefully evaluates late
complications of treatment and reinforces current under-
standing of radiation-induced breast cancer. Other than
radiation dose, age at exposure is seen as the most important
determinant of risk, with risk decreasing as age at exposure
increases. Once the minimum 5-year latent period for
radiation-induced solid tumors is passed, risk increases,
perhaps to very high levels. The study by Hancock and
associates (7) is the first to quantify the carcinogenic
potential of very high radiation doses (>10 Gy) and raises
the possibility that chemotherapy may have contributed to
the high breast cancer risk. The value of careful surveillance
was apparent in that more than half of the breast cancers
were unknown to the patients and were detected during
routine follow-up examinations.

Of special clinical interest is the finding that risk
increased dramatically over time. For patients with more
than 15 years of follow-up, the RR of breast cancer was
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greater than 10-fold, and the absolute risk was more than 15
extra cancers per 1000 women per year. If this level of risk
continues throughout life, the majority of young women
(under 30 years of age) successfully treated for Hodgkin’s
disease may eventually develop breast cancer. The overall
risks among long-term survivors of Hodgkin’s disease are
much greater than those seen in other studies of women
exposed to radiation (8,11) and point to the need for lifetime
screening for the early detection and treatment of secondary
breast cancer (12).

The possible reasons why women successfully cured of
Hodgkin’s disease are at such high risk for breast cancer
include the high radiation dose to breast tissue, the young
age of patients with Hodgkin’s disease, the concomitant
influence of systemic chemotherapy (which may potentiate
the effect of radiotherapy), the effect of a seriously impaired
immune system (related to Hodgkin disease itself and/or its
treatment), and the possibility of an underlying genetic
susceptibility to environmental carcinogens.

It is somewhat surprising that doses greater than 10 Gy
are associated with a breast cancer risk of the same
magnitude per unit dose as that seen among populations
exposed to much lower levels. Very high doses are more
effective in killing cells than transforming them, and thus a
lower risk might have been expected. Precise dosimetry is
difficult because of the large dose gradient across the breast
from mantle radiotherapy (3-44 Gy) and because of in-
dividual variations related to breast size, field position, and
shielding with blocks (13). More refined dosimetry, how-
ever, would only increase the radiogenic risk coefficients
presented by the authors.

The decrease in radiation-related breast cancer with
increasing age at exposure is consistent with the patterns
reported in most other studies of women exposed to
radiation, although an absence of risk among women ex-
posed in their thirties is generally not seen (11). In fact,
because of the intense clinical follow-up afforded these
patients, a slight excess risk due to screening alone might
have been anticipated. Hodgkin’s disease is characterized by
a striking bimodality in incidence, with incidence peaks
occurring in young adults (before age 30) and later in life
(10). Other than chance or possible differences in radio-
therapy procedures or survival, it may be that intrinsic
factors associated with the development of Hodgkin’s
disease at a young age contributed to the high risk of
radiation-induced breast cancer among women who were
under 30 when treated with radiation. Molecular studies
might be informative if they could reveal genetic abnor-
malities of predictive importance [ cf., (14) ],

An important question is whether chemotherapy might
contribute to the risk of solid tumors. Most second cancers
among long-term survivors of Hodgkins disease have been
ascribed to radiotherapy. Two recent studies (6,15), however,
have linked statistically significant increased risks of solid
tumors, notably lung cancer, with chemotherapy. Studies of
experimental animals (16) have associated mammary tumors
with certain chemicals used in the treatment of Hodgkin’s
disease, such as doxorubicin, procarbazine, and dacarbazine.
Hancock et al. (7) now raise the possibility that chemother-
apy might have potentiated the carcinogenic effect of

radiotherapy. Further follow-up of patients with Hodgkin’s
disease should reveal whether chemotherapy-related neo-
plasia will mimic the pattern seen for radiation-related
cancers, i.e., an early risk of leukemia and a late risk of
solid tumors. If so, then the full impact of late cancer
sequelae has not yet been seen.

The sobering consequences of successful cancer therapies
should not discourage their use but should encourage the
continued development of better therapies with less toxicity.
Most patients would agree that the possibility of developing
a second cancer some 20 years or more in the future is to be
preferred to nearly certain death within a few years if
treatment is withheld. Hodgkin’s disease treatment is an
example of the double-edged sword of cancer therapies—the
diseased cells are killed, but healthy cells are often
transformed. The benefits of curative treatment for
Hodgkin’s disease, however, outweigh the risk of unfortu-
nate late consequences.
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